28 29 30 Closer collaboration among ecologists, systematists and evolutionary biologists working in 31 tropical forests, centred around studies within long-term permanent plots, would be highly 32 beneficial for their respective fields. With a key unifying theme of the importance of 33 vouchered collection and precise identification of species, especially rare ones, we identify 34 four priority areas where improving links between these communities could achieve 35 significant progress in biodiversity and conservation science: (i) increasing the pace of species 36 discovery; (ii) documenting species turnover across space and time; (iii) improving models of 37 ecosystem change; and (iv) understanding the evolutionary assembly of communities and 38 biomes.
tropical ecosystems to global change. Here, we present a question-driven justification for 48 bringing systematists, ecologists and evolutionary biologists together, to complement recent 49 work that has argued for specimen archiving [1, 2] , or highlighted problems with identifications 50 within existing collections [3] . 51 
52
The questions we identify and discuss below fall into two categories. Our first question relates 53 to taxonomy: completing the formal description of tree species in tropical forests. In contrast, 54 answering the final three ecological and evolutionary questions depends upon solving issues of 55 species identification. Achieving consistent, precise and accurate identifications among tropical 56 forest sites has been greatly facilitated by an increasing number of field guides, local floras, 57 annotated checklists, taxonomic revisions, and monographs [e.g. 4]. In particular, the 58 availability of automated, online tools that standardize spellings and catalogue synonyms for 59 tropical plants has been a major step forward for improving datasets for large comparative 60 analyses [5] . However, standardising spelling and nomenclature does not address the key 61 assumption of comparative studies that species identifications are consistent and correct 62 among sites. Uniform identifications are unlikely to be the case in many species-rich clades of 63 tropical tree, even with a committed effort by the ecological community, because species 64 identification, especially of sterile vouchers, can be challenging (Box 1). This problem limits our 65 capacity to make the reliable links, based on species names, among phylogenetic, functional 66 trait, and inventory datasets that are required for large-scale comparative analyses. Overall, our 67 broad aim is to suggest that the solution to these issues requires changes in how both 68 individual researchers and collections-based institutions operate. We concentrate on tropical 69 forest tree communities because they have been a focus of long-term ecological monitoring 70 and their high species richness means that they are a priority for global biodiversity 71 conservation. However, our arguments also apply more broadly to studies of other biomes and 72 taxa, such as the diverse and poorly known grass flora of savanna ecosystems, taxonomically 73 complex groups in temperate evergreen forests and comparative studies of insect diversity. 74 75 Question 1: how can we increase the pace of species discovery of tropical forest trees? 76 77 It is an embarrassment that estimates of the tree species richness of tropical forest regions rest 78 on large extrapolations [6] . Forest plot inventories contain c. 5000 tree species ≥ 10 cm 79 diameter in Amazonia [6] , and in total ~11,600 tree species have been collected to date in this 80 region [7] . However, based on extrapolations from plot data, approximately 16,000 tree species 81 are estimated to occur in Amazonia [6] , which means that ~5,000 tree species might await 82 discovery. This proportion of undescribed species is consistent with recent taxonomic 83 Locating new species is like searching for a needle in a haystack, particularly because defining 90 new species fundamentally relies on reproductive structures. In other words, not only is the 91 challenge to find species that occur at low population densities in hyper-diverse forests, but 92 also to collect these with flowers and/or fruit, rather than sterile (i.e. in leaf only). Given the 93 often short and unpredictable phenologies of many tropical tree species, botanical expeditions 94 can easily miss the reproductive period of species. As a result, collecting in permanent 95 inventory plots has much to offer for of the discovery of tropical species (Box 2). In long-term 96 plots (see Glossary), ecologists usually map and measure every individual tree above a certain 97 diameter and collect specimens of rare and undescribed species. If permanent plots are 98 revisited regularly over months and years, this increases the chance of collecting fertile 99 specimens of previously-collected sterile individuals -particularly if the interaction between 100 ecologists and systematists encourages the search for fertile specimens of specific taxa. Long-101 term plots also have the benefit of yielding rich information on morphological and ecological 102 traits (e.g. bark type, plant size, edaphic preferences) and how these vary with ontogeny. 103 Further, these sites provide an accessible resource as the basis of studies of population genetics 104 of specific taxa [e.g. 13] which might also assist in the delimitation of species, in understanding 105 the nature of widespread species, and in uncovering cryptic taxa [14] . 6 We emphasise that permanent plots are not the only solution to completing the biological 108 inventory of the tropics. New species will doubtless emerge from collecting expeditions to 109 accommodating vouchers in regional tropical herbaria, in particular. Overall, our purpose is to highlight the significant scientific benefits of archiving plot-based vouchers -fertile or sterile. 260 Accommodating vouchers from long-term plots should become a higher priority given the value 261 of these specimens to systematists, ecologists, and evolutionary biologists alike. We are not 262 advocating that all ecological vouchers should be archived, but that priority should be given to 263 those from long-term, established monitoring networks. For other ecological projects, decisions 264 on whether to archive vouchers will need to be made on a case by case basis by ecologists, 265 evolutionary biologists and collections managers. Our hope is that this article will facilitate such 266 collaborative discussions. A key issue for the scientific questions we highlight is not just accurate identification of 284 specimens from a single plot, but the consistency of identifications across plots and studies, 285 which requires side-by-side comparison of voucher specimens. In this way, even if a species 286 cannot be named (because, for example, it has not yet been described), one could be confident 287 that two or more plots contain the same unidentified morphospecies. This suggests 288 considerable advantages in concentrating voucher specimens in just a few major herbaria. 289 However, this might not be necessary given that high-resolution specimen images are 290 increasingly available online. Herbaria globally have invested heavily in imaging specimens (e.g., We have been arguing for the high value of housing voucher specimens from long term plots, 300 and we have focused exclusively on plants, especially trees, which are long-lived. However, the same logic would apply to herbaceous plants and other organisms in these plots (e.g., insects, 302 [55]), with the caveat that re-collection of the same individual organism might be much more 303 difficult or impossible for non-sessile organisms. We therefore extend our plea for the archiving 304 of vouchers from long-term ecological inventory plots to other types of biological collections. 305 Finally, we have focused here on tropical forests where biodiversity and ecosystem processes 306 are perhaps least well understood, but our arguments apply in principle to all other forest types 307 and even non-forest biomes. For example, consistently identified herbarium specimens from a 308 wide range of sites have been critical for understanding how shifts in functional traits, in 309 particular C3 and C4 physiology, impacts the breadth and dimensions of ecological niches [56] . 310 We therefore advocate collecting and housing voucher specimens from long-term ecological 311 studies across diverse biomes for the benefit of the broader communities of all ecologists, 312 systematists and evolutionary biologists. Specialists in each group assessed the accuracy of the identifications of collections that had 343 been made for these genera by eighteen different botanists across 60 plots during the last 344 thirty years. In total, collections from 452 trees were examined online and their species-level 345 identifications were assessed as correct or incorrect based on the voucher images. The collections were originally identified as 77 different species. Overall, the results were 347 encouraging: even in taxonomically difficult groups where species are often very rare, 75% of 348 trees were correctly identified (Fig. 2) . However, some lineages clearly present greater 349 difficulties than others: within Andira and Tachigali, approximately 50% of trees are apparently 350 misidentified (Fig. 2) . Successful identification is not clearly related to the diversity of the 351 genera or the frequency of botanical collection of these species (Fig. 2) . Rather, achieving high 352 levels of correct identification within particular groups is more idiosyncratic. Undoubtedly, in 353 some groups, identification is very difficult with sterile material (e.g. Tachigali). For other 354 groups, it might reflect that all species occur at extremely low density and are therefore 355 unfamiliar to many field ecologists (e.g. Andira). In other cases, relative success might depend 356 on the availability and knowledge of recent taxonomic studies, and the existing links between 357 ecologists and systematists to transfer this knowledge (e.g. Protium and Inga). 
Using digital images to cross-check identifications

